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ABSTRACT 

PURPOSE: To produce high-function composite type optical thin films with 
high quality and high efficiency by spraying solutions of plural organic 
optical materials from spraying nozzles into a vacuum vessel for each of 
respective components to deposit these materials on a substrate and 
controlling the temperature of the substrate to a. prescribed value by a 
heater. 

CONSTITUTION: The pressure in the vacuum vessel 3 is maintained under about 
lX10(sup 4) Pa by a vacuum pump 4. The solutions from liquid reservoirs 18 



filled with the solutions of the plural organic optical materials are 
sprayed from the spray nozzles 1 for each of the respective components into 
the vacuum vessel 3 to deposit the thin films of the composite optical 
materials on the substrate 19. At this time, the substrate 19 is heated to 
a temperature not exceeding the thermal decomposition temperature of the 
deposits by using a substrate heater 8 and a substrate temperature 
measuring instrument 9, by which the evaporated components are removed. As 
a result, the high-function composite type optical thin films are produced 
with high quality at the low temperature 
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o^j-wi«is*ittitfc. com. s« (19) ofistt, 

««iPS^gB (8) i5ckt/»«SSS!l^gg (9) \z^ 
50 oT4 0±2t:C«litLfc. (1 9) ±twiia$tl 



( 7 ) 1#gg5p7 -2 5 2 6 7 1 

11 12 

HJ:0X^4'(::T 1 5 O'CICM. 4. 9UP aCD^yi^ [0 0 4 8] 

DODcimiSL DODcimm DODci m^<r>&:K^^ 



1 


3 3 3 3 


2 5 




6 6 


6 15:6 J: t;7 2 0 


2 • 


1111 


1 0 




6 7 


6 1 4ii^l/7 2 0 


3 


5 2 6 


5 




6 5 


6 1 X 9 


4 


2 5 6 


2. 


5 


5 4 


6 1 5*»* 71 8 


5 


1 0 I 


1. 


0 


4 8 


6 12 


6 


5 0 


0. 


5 


4 0 


6 15 


7 


2 5 


0. 


2 5 


3 0 


6 1 3 


8 


I 0 


0. 


1 0 


1 5 


6 0 9 


9 


5 


0. 


0 5 


4 


6 0 0 


1 0 


2. 5 


0. 


0 2 5 


5 


599 



[0 04 9] jiisea 2 ~ 1 0 

DODC Iig»OTiS»jiS&MtB^l tCl3«OffiOlC^ 30 
n5WJt*if«l*g®DODC I iSS, DODCIS^S 
0 nin(0^-Z?i!ietfe<h€(0%^fecOffi:^«ft$WtBg 1 

fecio. jt^^nii'rofe^ (DODCI) oja^g* 

[0 0 5 0] tfc*^0ijl 

7-t h>l U y h)l^tzr)\ZDODC I S:5 Omg*5j: 
t;PMMA?&9 5 Omg®tfc^T»»LfcJg*;^7'f H 40 

tSTS^lttCJcoT, MJPO. 1 /iin*3<tO:i 0 wm© 
DODC I/PMMA|g^K<&MjaL^. ^KOK'^'WD 
ODC Ifia?tt5M«%tlhi[$n. ft^SKO.«7?± 

[0 0 5 1] c(Dmmo. I nm(Dm^^^m^m-vm 

TDODC I»ai5a«%OMS<^fSbfc<i:::5, DO 50 



[0 0 5 2] mmmi i 

DODC l^?^©«»3iS&, 0 3C«ajS^-r5J;-5tc, 
■tfofc;^.5J;5»ctT. 3S«±C«ai--5?ll!|tfODO 

DC I iiS^asw(r^{b^?-ii-fcft!itt*ifi0ij 1 tmmz 
a^MicDODc I jgs©^{bt^c>t^}SM^iijfib 

tc. 

[0 0 5 3] gg$;&r&](ODODC ISKcD^{bS:«^T 

•sfciie). DODC I (cs^*<3'j75gii^(Digi$:&[S](Djg 

(KT, ESCAtBSIB-T'S) 

S!ie3t©»*$ 5 9 0 nm(C@SLTJi^Ufe<i: 

DODC iig«*iieiVi;&o«Blci!ieJt$Mlt 

1 9± 1 nmT*-3fc. ifc, D O D C I S«®<£V»:^ 

L. plriaecOih^S 9 97iliL6 0 0 nm. 
cDtl?6 1 2;^VjU6 2 0 nmT*ofc. 

[0 0 5 4] ^mmi 2 

fiK^^W-^tUTDODC I S7-bh>»C0. 1 g/'J 



( 8 ) 



7-252671 



13 



h;K3D«KT?^l!?b. mi^iSib (18) 0-otC3t^ 
H 1 g/'J y hJI/0««Tg«?b. t>^-0(DJS*i@iie) 

(18) ztiis<Dmmi. ■^n^tKomm 

jx)v (1) *^e>. ^^(D/X)mmmm^ (2) fej; 

at->-^.y^- (7) Srftf^^-B-T. XS^gg (3) (^4" 
'v^SSlw'SSbyc:. C(DWi. M^^H (3) ftcDEsbti 

it»tfc. 2?km(r>yx)mmmmm (2) 10 
•v^s'- (7) (Dmrnrnmorm^mwr^ctiz^o. 

DODC I >S:7'th>\zmMV1tmmi-'&^Ni^SiV 
h>*^^{t|iS{3fe-r-5tVi5SI^*l 0 OlHllSIOjgL 



14 



fiEUfci«S<D^±^3igS:D0DC I )g?glC-3ViT2 5 0 

m. (19) <Dsstt> m^m^mm. (s) 

»«Sii«^S (9) lCj;-pT4 0±2'ClCi|Htt 
fc. S« (1 9) ±»C««$nfcD0DClS^*-r5 
PMMA5«K**-> hT'U'XSlCiO^^ + CTl 5 0 
4. 9MP a®i^*£EJ)nlEffiSL. jt^WC 

[0 0 5 5] ziOi^^nmiNODODc I ®«s*a* 

[0 0 5 6] 
(«2] 



DODC I PMMA 

Cffl/»] [ttl/»l [««K] [ami 



1 2 


2 5 0 




7 S 


2 5 




74 


I 3 


2 00 




8 0 


20 




7 5 


1 4 


150 




8 5 


1 5 




7 3 


1 5 


1 0 0 




9 0 


1 0 




7 5 


1 6 


5 0 




9 5 


5. 


0 


7 4 


1 7 


2 5 




9 7. 6 


2. 


5 


7 5 


\ B 


1 0. 


1 1 


10 0 


1. 


0 


7 3 


1 9 


5. 


0 3 


1 0 0 


0. 


5 


7 5 


2 0 


2. 


5 1 


i 0 0 


0. 


2 5 


• 7 4- 



[0 0 5 7] mt&m 1 3 ~ 2 0 
2 B!S^i-©J§«i«S®¥1^3SS^ WES 2 fcE«0ji 0 C 

^mz^K)mt.vrzi^^^«\ti$i2\z^t. c:©^**^ 

©feSd (DODC I) ©&^g*-^fc*(IWL&*<^aE 40 

[0 0 5 8] mmm2 1 

fi£^J-0-t)i:bT7-feh>l U y h;i'afcOt:DODC 
I * 1 0mg*<fci;PMMAS9 9 Omg©Jt^T^^ 

Lfzm iUT. Amtms) (i s) ©- 

^fc. 2SS©^»i:LT7-tr h>l U 
y h;PSfcOCDODC I <£ 1 OmgteJilXPHPMA 
*9 9 0mg©Jt^T}gf!?LfcSg (EAT. BJKtJf^) 

2#B©?S#:j@ii6 (18) tC3te«L-fc, ;ine.O^ 

■en-6ti©iss/x;i' (i) *^?.KS$s§ (s) so 



as*l 0 Ov-fi'nUy hJP/^J-. BSS©*SSfl!* 

SiigW'&if-* 1 0 0 i7 D u >;/ h;i//^i-tc^-^i^c*^ 
6>, lOO^^^tC, AJ«COViT-t?D*J:DJB«E{COV> 
T 1 0 0 T-f D ij 7 h>'l'/^^<i: Lt, 
[0 0 5 9] ZOm. M^^m (3) (^©EE;tlft^-# 

L!i5:3-;PHh7y:''fC<kO, 1 0"* P a£tTlr«lj#t 
fc. (19) ©jaSli, Stt^SB (8) 

i5J;t/:S«iISSySSB (9) (Cj;-pT4 o ± 2'C(Ci|| 
^L/i. »« (19) ±lrJ«S$nfeDODCI 
■r* P MM A/P H P M A*|-&MS¥lg*5j^>y h T'UJ^ft 
CiOX^tlCT 1 5 O'CIcSD^. 4. 9MPa©il** 

[0 0 6 0] c:©3t^^Krt©gg$;&i^©3C7^if^!S 



( 9 ) 



7-252671 



IS 

SCAT-iH^-r-Sxh-^Tfeo^t, fJib*., D 

oDc \ (Dmmm-^:^m\z-''&X'&^ztmi^rz. 
ti:&itm*^'iiY%t^timm%x'$>^. con 

Kl^©P MMA/P H PMAOJt*«ai$:&|fiHca«j!W 

7;i'3-;H47Kii!»co®iR3iKttais;?ie]T. mizit 

mi'XmmLx^^i>ct^mm^nrz. 

[0 0 6 1] C:<D7t^^K©^5t<£. &}^S^(D^^^5 10 
iSfi«6 1 8 ± 1 nm*J;iX6 4 1 ± 1 nm-C*^fc. 

PMMA?is©S!Vi:j&©«®(ci!ie3t^£sawL> 

j«:i;T«3ta;'cSfi*i^{bt. ^i/i|Sie©it6 1 3± 
2 nm. ^tiiafi®t#6 1 8± 1 nm*3j;Z/6 4 1 ± 20 
1 nm"C$>-p;'t. 
[0 0 6 2] 2 2 

^^^•©-•PtUTDODC I ^7-th>\Z 1 Omg/iJ 
h;KDiSST^»L. (18) ©-Ol'^«t 

Lfc. Sfc. 2#aOfi£^J-i:bTDODCI 
MZl Omg/^Jyh)V0mSlxmmh, 2#S(7)^*^ 
ffl* (18) Sfc, SSSOfS^J-ttTP 

MMA?&7-th>lCl g/ijy h^POjgST^^fb. 3 

(18) c:n?.o^JSi&. 
^n^etKDmny'X)]^ (d *^^>«?5^§§ (s) ©tf 30 

(7) ©«lff{cJ;r))IS#fciSSLfc. C©K. «?S$Sg 



16 



(3) rt©E;'3(i^-Jt^»^5l?>:/tD-^"J-#> 

a^umw^mxi^rnvfc^-jiv by yy\z^ 

0. 1 0" P aKTHifUtLfe. 3^iK©yX;l'g§ifl^ 
«ia5 (2) *5J:tX'>Y!y^- (7) ©B8Kl^raoB!RI* 

iSlpT-SCttCiO. DODC I ^7-feh>lC^^Lfc 

mm^-^mmmmLfzm^ ^T©->-vy^-s:mi:T 

^zf^x(oiy^y^-^mcxmm^^±L&&± 
©7-fe h>^^^('^4b. ;^:tcDODC I 2:;<:^'/- 
^-*ffli;TiSt8$<9ihbS«±©/^'/-Jl'*^^C 

|^5feL. ^*:(CPMMA$7-t hXC^^Lfc^JlSS:-^ 

mmm^Lrzm- nn±x(Diy^'y^-^mcxmmi 

<9jl:L»1S±©7-fe h >$^^tc|^*1-^ t L^^aif^* 

1 0 oi5i»ojib;t. c:©iif^©FBi, /xjmmmm^ 

(2) feitXv^-y:?'- (7) ©BgWFB^BI€rii@i5-rs;i 
tl^iO, •(^c±B#FB1^£^«bfe'«^©¥l^jtS$DOD 
C I 7-t: h >^S£(c:3^iT 1 0 v-f □ U y h>)l//^J- 
(C, DODCI ;)(^/-;i'jg?KlroViT4 0^'f ^DU 
•y h;p/^J-(C. Sfe, PUUAmWZ'Z>^^X4 9. 5T 

■ii7a^)yh)v/^\z. "tti^enmntrz, ;i©h. s 
« (1 9) ©fis«. »«jDfSiSg (8) a^z^m^m 

mm^mS (9) tCi^T4 0±2'CJC«6i#Lfc. i« 
(19) ±fliti®$nfcDODC I $:-^*-r-5PMMA 
gK5r*-v hT'U-XfeCJ: OXS + ICT 1 5 0"C('Jn 

4. 9MP a©»*sEiDBEM3iu, ^^mzmmtt 

[0 0 6 3] C:©?t^^lKl*l©DODC I ©iSe (spi^ 

«) €:»»%-es-rt. ^3tsic©ao-e&s. 

[0 0 6 4] 
[^3] 



S9 DODCI DODCI PMMA 



DODCI DODCI 





Cm i/^J] 








[nm] 


2 2 


1 0 


40 


4 9. 5 


1. 0 


75*J:CJf4 


23 


2 0 


3 0 


4 9. 5 


1. 0 


74^1: c;3 


2 4 


3 0 


2 0 


4 9. 5 


1. 0 


73«JtCf3 


2 5 


4 0 


1 0 


4 9. 5 


I. 0 


7 5^J:a 4 


2 6 


5 0 


0 


4 9. 5 


1. 0 


7 3C?* 


2 7 


0 


5 0 


4 9. 5 


1. 0 


3«t>U4 



[0 0 6 5] ^mm 2 3 ~ 2 7 
3 fi£ii-0'SS©¥J^jiaS:mIf2^ 3 tcism©3i 0 C^x. 
fcfl&tt^«S0d2 2i|^«»CtT3t1t»K*«ittfc. C 

n?.©i^Mrt©DODc I ©s^^s<£x^/jx^^»affit' 

±OSS^L^ci^mSS9ES3fwS-r. C©ie«A»&?qe. so SSSESCA-C^^rt^iC^, DODCI S^^T 



(DODC I ) ©WSgS:-«fC«-5)5:*i^fe^©i[ 
[0 0 6 6] C:n^)©3t^^lK©Si$;&[S]©DODC I 



(10) !!fM5p7 - 2 5 2 6 7 1 

17 18 

zMt^^bts.\,^moymmmmr$>i>ctmmn - (?) mmm?.^ofmimmr^^t\z^'o. pm 

Vil.4nniOl (2 0 2) t> 7 4±lninWl (2 0 "SilUfc^. St;n5:50BS^*<?lhU»«±®i?i7 D D 

3)*? DODCI^^WL/iV^l (2 0 1) ^^>*^^(C|^ST?.a:t.^5S^^S10 0lH]»CMU 

[0 0 6 7] ;in^®it*itK(ofg3te, ligifcosis mmmNi^mm^cuz^f). <*jhi^ia*#itLfc« 

gjc^cD-t3tuTPMMA&7irh>cig/'j-yHv ^v^T 4 0 n u h;p/5^c. ^n^nmmv 

$^ t,3-p©B!c»i:bTPC*i;i7nD>i^'>Cl (8) ^3J;a:S«aSji^gM (9) tJ;oT4 0±2 

g/'J-yh;K^)igT'^<eL. ho-^omif^Mib (1 ^(Clt^Ufc. »« (1 9) ±\zmm^nfzPUUA/ 

8) (c^«tfc. ^n?>w^^&. ^n^nomyx pcm^nm^t^yh-:fu?.m\zi^*)n^^\zxi5 0 

)V (1) §«0/X;H8H«l«SI5 (2) *5J:t;-> t:Clragft, 4. 9MPaO»*El)DE«!lSU, 3t^W»C 

(7) 4iijtps-a-T. (3) o4"^3^ as^^s^KSr^fc. 

H(c«sufc. ^(Dm. xs^gg (3) f^<DE*«^- [0 0 6 9] cmi^\>^(ommm^7 y-<Eisimmzj^ 

mhrzn-)lYhy-yZf\zi:r}, 1 0"' P afiiTC^Ut 20 [0 0 7 0] 



P M M A :• P C 
PMMA PC astt^i B9r« 



28 


1 0 


4 0 


1 : 


4 


1. 


5 6 6 


2 9 


2 0 


3 0 


2 : 


3 


1. 


5 4 7 


3 0 


2 5 


2 5 


1 : 


1 


1, 


5 3 8 


3 I 


3 0 


2 0 


3 : 


2 


1. 


5 2 9 


3 2 


4 0 


1 0 


4: 


1 


i. 


5 1 0 



[0 0 7 1] mmm2 9~3 2 

2fi)o5^®^«Sro^i^3iSS:WIBS4 CE«©SO \Z 

^^rzmit^mm2 s tmm\zLx^^mm^nmL 

ft. c:n5.©?»iei®Ji»f^*7^/'<JB»r^fH'±0S!l5t 

[0 0 7 2] ^mm 3 3 

F = -?A6 7Ka%€7-tr h::ihU;l'*'^2X 

X<D77^)li;T®EJg:J?X*^^^l'^fc^, Ciro^JS'^ 
'\'J>:7A;!JXT0. 0 2#tt%t'f&^Ufc«S<t;*^:<?x 
*aUTBitft:<JH5'?A (CdS) onn-f H^^cat^J- 
«JK*f?»bfc. »»}S«t«OCdS©«a!tt0. 289 

T, (18) <r>--:)\zii^\^tz. Sfc. =b5- 

C)©^^)-itTPC^£v'i'nD;)^i'>Cl. Og/'Jy 
hJKDiSftTiSlSIU. t)5-C>©?£«:jB* (18) 



«Lfc. c:ne.©^?g$, ^n^enommyxji^ (i) 
(3) (D"!""-, yx;i-WH««SK (2) © 

miZ':)^^XlOO-7^^aUyh)V/'^\Z. Sfc. PC 
gJgtCOViT 1 0 0 T'f i7 n U ^-^t-^tl 

(3) i^®E:^itt:S'-3l^^i-^#>:/tD-5'U-#> 

0. 1 O-'PaOTCiiSfbfc. (19) ±\zm^ 

0XS+»CT2 5 O'CClraSSi, 4. 9MPa«)»*EllD 

[0 0 7 3] ;i©3t*iflKi^©cds«ssrl:«%-e^ 

[0 0 7 4] 
[S5] 



19 



( 11 ) 



IfM^? - 2 5 2 6 7 1 
20 



cds PC (j6^»n>i>) 



33 100 100 22 10 

34 80 100 19 11 

35 60 100 IS 10 

36 40100 10 g 

37 2 0 100 S 11 



CO 0 7 5] mmm3 4~3 7 
;:ne©»Ki^oc d so!K?S4x^/jN;ft«[affit J; 

[0 0 7 6] ^mm3 8 

as (19) iLT. -(>i^iPA-m^'kmt<i^<D&m 

-->7yf7xn;P (£;IT, 7 0 
CBtiB&fB-rS) S:vi7nD/^'>jci g/ij h;KO 
(18) ©-OC^^Lfc. S 

(e^T, NBRtBSIB-rs) a^i;aa^i$'>\zi 30 
U-y KJl/OSST'^ISb. t>5— r)©}g«Jjgje> (18) 

(1) (3) (D'p-^wimzmmvrc. 

S^^Sg (3) P^(D&tl\t^-^sj^lr^^>-ftn- 

yycj;o. 1 0-' pafiiTJcaififLfc. /X)mmm 
{2) (D^m\'m^mm^z.t\zii*). "ssijis 

S;7 0CBigSE{COI.iT6 O-7'f i7D'J y 
Sfc, NBR^JK(COliT4 0-7'fJ'D'J-y 

t, -en-^n^ffliUit. iOK, iTo:tf7xs« (1 40 
9) asiraiiSfi (8) fcckiK»lgfigji3t 

(9) tCicT4 0 ±2"CJC«tJtLfc. S« (1 
9) ±IC«a$nfcjKa7 0CB&^«-r^NBRf?flR 

SlCiOX^-f tCTl 5 O-ClCtoi^. 4. 9MPa©fit 

*EEi)DE«agt. m.mn.m\z^yY-( y'j'^ixitw.^/ 

[0 0 7 7] ;i©j¥Ktt. ji^ttesixTViS*^ mm 

n.mfSi\z^m.9.s.^^i^ri>tWL^f>i^\u\h, mmzts. 



[0 0 7 8] 

t fi!t»©»K* ttit t^^ks -a-fc ©©i!iji*«^te t & 
[0 0 7 9] -euT. :i©5gB^©5t^Sll©ii3i;&tefc 

i 0 fi£}^-r S d i:*?^il;^t t> ©TSn«fiE,t © t) ©S:^ 
ffl-r§Ci:*^T^> 2 p£5^e^±©W«SIS^*^*4 

©fi£^^»fcSii^t^i«SrS^rsC<i:*^-et, c©fggg 

[02] m.n^X)v^^xsjX)v^^mm^^m7h\^it 

[03] ^ISSC9J1 llc43lt^>DODC m^©«SiSS 

[04] |ltS0IJ2 ll::g(j-<&A%^J:U:B%©i|tS]iir 
©I^PBl^{k2rS^-ril«S0-C*5. 

[0 5] llifi0tJ2 2^ct^L2 5©«^ll3t¥jiim©llrjS 
«3t$«Lfc^^0Ta&-5. 

[tj#©iaw] 

1 mnyx)i 

2 /X;Hfflti«|gl5 

3 XS^g 

4 M^t^>zf 

5 E:'jSfl«g» 

6 3-;uHh7u/:/ 



21 



7 v^-y^- 

8 ^mmmi. 

9 &^s.mm'j 

1 0 ^-^>ifmm 

11 f-h^ 

1 2 -f^HbSg 

1 3 nm^mmm 

1 4 m^^m^mm 

15 T-itfiL'-^'- 
1 6 M^t^>Zf 



( 12 ) !t#M¥7 - 2 5 2 6 7 1 

22 

.1 7 X$7)?>y 

1 8 mi^Mtb 

1 9 

2 0 ^iiftif^SB 
10 0 

20 1 DODC I $:##L7it,il 

2 0 2 «i^S3^£t/iU4 nmODODC m^-Sr-^W 

2 0 3 Si'^g? 4± 1 nmCDDODC lS^S-&*-r 
10 -i)! 



mi] 



m2] 



17 15 W 



18 18 18 

-L. I., >, 















: II i 




1 


II 




1 


1 


JL.. 


II 


■ 1 



19 



D 



10 

u 



■^4 



) 100 



•18 



[133] 



[@4] 



250 



200 



« 150 



100 



50 



100 



5 50 



g 25 



100 



(»3 



50 



100 



( 13 ) 



- 2 5 2 6 7 1 



201 
202 



- 201 
1-203 



-201 



-201 
h-203 



-201 



[^f^miE 1 ] 

[ffiiE«^3»i«] 0 0 0 2 
[0 0 0 2] 

iisaiffi SWT Mf8*^fi^ t a* s tiT u 

[#)^«jE2] 

(1iiE^*IS«S=S] 0 0 14 

[0 0 14] eiT, m^o^^\z-D\,^r, 



Jl/. jHU f:::jP'<>v;i'X-x;P, zPU t'xjl/ijc^jl'^r 
h>, JJ^'J (N-t:iiJP*;PA»/-JU) , Ji^g (N-f 

;Pisx^;i/. #"j7i?u;n?. #U7i7ijDxhij;k 
jJ^|J^^i7ij;i.K>(5"jk /j^U;*3'i7UJUg?x5";k # 

'J^^i"j;l'S7S K, #U^i5'i7ijnxhij;k #U 
7-th7;i'xtH, /l^"J^'n7-;k /i?'JX5^k>^^ 

U-h. #ij:^?"k>7"k7^'k-h, #'J;^-/J^^>'f 

>. 6, Q-i-^uy. l2—)-^a>, 6. 12-:J- 
#'J7X/t7^>Sx^;k Jl^iJi^JP^S^S? 
xf^;i.. #UUv>« Tpijynij^, t-U (r-'Ov 
;i/-L-i^;P^'pc-h) , pC5';nr;PD-7,. x?^;nr 
;i/D-Xv '<>i?;Hr;UD-x. b Hn+v'X^'jH:;!/ 
D-x. h Hn+->7"ae;Hr;i/n-x. 7-fe^JU-fe;i' 
D-x. •t:;Po-xh>J7-trx-S. ■fe;i'n-x hUT' 
^i^-h. 7;p+HiSji& (ii*7^;pgs+^u-iru 
» . mmwt^itTjv^mm (iigi»K+ii*7^';pK 

(t'X7xy-JHS+xt;i7D;i/t H'J» , Jl? 



[ffl]E^««gS] 0 0 17 

[0 0 171 [jKfli] z<j>fm<D^^mit^nmmm 

T>-4-->7y7r:iJ>. 4' - n-^^i/)V^>'J 

>i?Ux>-4 -x7/7:i'J >iS> 4' -Xh=^^>"^ 
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